Introduction
The chemiluminescence (CL) method has many advantages, which include a high sensitivity, wide determination range, simple instrument and quick measurement. Therefore, this method has been paid much attention in analytical chemistry, clinical chemistry and environmental chemistry. For this reason, many kinds of samples have become analytical targets. However, CL substances, such as luminol and peroxyoxalate, which have been used in these fields, 1,2 are very limited. Hence, the appearance of new and useful CL substances has been desired in recent years. Under this situation, the authors found the CL function of the iron-chlorophyllin complex in an acetonitrile/water mixed solution containing hydrogen peroxide, and clarified the fact that the iron-chlorophyllin complex has multiple CL functions, such as a luminescent substrate, catalyst and energy donor. 3 In this study, it was found that the quenching of the ironchlorophyllin complex CL was observed by adding L-ascorbic acid (vitamin C). As is well known, L-ascorbic acid is very important as a physiologically active substance. Until now, Lascorbic acid has been determined by many analytical methods. For example, determinations using atomic absorption, 4 flow injection, [5] [6] [7] [8] [9] [10] [11] [12] electrochemiluminescence, 13 electrochemistry 14 and spectrophotometric analyses, [15] [16] [17] [18] have been reported. [19] [20] [21] [22] [23] [24] [25] Moreover, as an L-ascorbic acid analysis using CL, the determination by flow injection with permanganate was reported. 26 Also, it was indirectly determined in the luminol-H2O2-KIO4 CL system. 27 In addition, L-ascorbic acid was also determined using micelle-enhanced lucigenin CL. 28 In this paper, the determination of L-ascorbic acid based on the quenching of the iron-chlorophyllin complex ( Fig. 1) CL is described. The following section describes the details of this analytical system.
Experimental

Apparatus
A 600-type lumicounter (Nichion Irikakiki Co.) and an F-400-type spectrofluorometer (Hitachi Co.) were used to measure the CL signal and the CL spectrum, respectively. The CL spectrum was measured without using the excitation light. Moreover, an F-22 pH meter (Horiba Co.) was used for a pH measurement.
Reagents
Iron-chlorophyllin.
Iron-chlorophyllin was obtained from Nacalai Tesque Co. When iron-chlorophyllin was spotted on thin-layer chromatography silica gel 60, F254 (Merck), it was separated into two components (A: 6.7%; Rf value, 0.7, B: 93.3%; Rf value, 0) using propanol:methanol = 1:1 as the developing solution. Two components were studied. In the absorption spectra, the fluorescence spectra and the atomic absorption analysis, the results were slightly different. However, for the CL characteristics, the two components were nearly the same. Based on this reason, iron-chlorophyllin on the market was used as received. Chemiluminescence (CL) was immediately observed after an iron-chlorophyllin aqueous solution was added to an acetonitrile/water mixed solution containing hydrogen peroxide. Quenching of the iron-chlorophyllin complex CL was caused by adding L-ascorbic acid. Based on these facts, a determination method involving small amounts of L-ascorbic acid was developed. As a result, this CL system is able to determine L-ascorbic acid over a wide concentration range of 4.0 × 10 -12 to 4.0 × 10 -4 mol L -1 . Also, coexisting substances, such as sugar and vitamins, did not interfere with the determination. Moreover, the participation to the CL was not observed when using other reducing agents, such as hydroxylamine hydrochloride. As an application for practical use, L-ascorbic acid in soft-drink powder was determined. The pH buffer solution. Sodium tetraborate, which was obtained from Wako Junyaku Co., was prepared by diluting with distilled water. This solution was then adjusted to 0.1 mol L -1 with distilled water. Hydrogen peroxide solution. This solution was prepared by diluting a 30% H2O2 solution (Wako Junyaku Co.) with distilled water. Practical sample solution. The soft drink powder (C1000 Takeda Vitamin Lemon ® ) was prepared by diluting with distilled water. All other reagents were of analytical grade.
Analytical procedure
A 230-µl volume of an aqueous solution containing L-ascorbic acid was placed in a glass test tube for CL using a microsyringe. To this tube was added 110 µl of acetonitrile, 100 µl of a pH buffer solution and 40 µl of a hydrogen peroxide solution using a microsyringe. After mixing these solutions, they were placed in the sample holder of the CL apparatus. Twenty microliters of the iron-chlorophyllin complex solution were rapidly injected into a glass tube for CL.
Results and Discussion
Iron-chlorophyllin complex CL
The CL was immediately observed after the ironchlorophyllin complex aqueous solution was added to an acetonitrile/water mixed solution containing hydrogen peroxide. The observed CL spectrum of the iron-chlorophyllin complex is shown in Fig. 2 . Several conditions were investigated for an analytical application. First, the optimum concentration of the hydrogen peroxide was examined. The concentration of hydrogen peroxide, which was obtained at the maximum CL intensity, was determined by changing the concentration of the hydrogen peroxide under the condition of a constant concentration of the iron-chlorophyllin complex. Next, the optimum concentration of the iron-chlorophyllin complex was similarly determined by changing the concentration of the ironchlorophyllin complex. As a result, the experiment was performed using 5.2 × 10 -2 mol L -1 of hydrogen peroxide and 4.0 × 10 -5 mol L -1 of the iron-chlorophyllin complex. Also, the effects of the pH and acetonitrile were also examined. Based on these results, the optimum conditions at the maximum CL intensity were pH 9 and 22 vol% acetonitrile.
Determination of L-ascorbic acid
The L-ascorbic acid was determined using the ironchlorophyllin complex CL.
When the L-ascorbic acid concentration increased, the CL intensity decreased. Based on this fact, L-ascorbic acid was found to inhibit the ironchlorophyllin complex CL.
The CL signal at various concentrations of L-ascorbic acid is shown in Fig. 3 . 
Investigation of coexisting substances
The effects of coexisting substances are shown in Table 1 . Almost all substances had no influence over a 100-fold molar ratio. Lactose and maltose had no influence on the CL over a 1000-fold molar ratio. Therefore, these substances did not participate in the iron-chlorophyllin complex CL.
Investigation of other reducing agents
It is postulated that the iron-chlorophyllin complex CL would occur by the oxidation reaction of hydrogen peroxide in an acetonitrile/water mixed solution. If the general reducing agent coexists, the quenching of the iron-chlorophyllin complex CL would be induced. In practice, other reducing agents except for L-ascorbic acid, for example hydroxylamine hydrochloride and glucose, were examined as to whether or not they participate in the iron-chlorophyllin complex CL. As a result, the reducing 580 ANALYTICAL SCIENCES MAY 2005, VOL. 21 agents used were not effective for the CL. Therefore, it is thought that the relationship between the iron-chlorophyllin complex CL and L-ascorbic acid is specific.
Analysis of sample solution
A sample solution was measured using the iron-chlorophyllin complex CL. The measured CL intensity (ICL = 54) was substituted for Y in the correlative equation of L-ascorbic acid with the CL intensity, and the L-ascorbic acid concentration was calibrated. As a result, the calibrated experimental value (5.21 × 10 -5 mol L -1 ) and the calculated value (5.30 × 10 -5 mol L -1 ) were almost the same.
Conclusion
In the range of 4.0 × 10 -12 to 4.0 × 10 -4 mol L -1 , the L-ascorbic acid was able to be determined using the iron-chlorophyllin complex CL. Coexisting substances or other reducing agents almost did not change this determination. In the near future, the proposed method will be successfully applied to other useful practical samples. The ±5% of CL intensity was allowed.
[ , acetonitrile: 22 vol%, pH 9.32.
